Abstract. 2014 The energy of the first plasmon loss peak has been determined for the ~-Zr hydride phase in pure Zr. The peak energy is sufficiently different from that of the 03B4-hydride to permit EELS "fingerprinting" with ease using a parallel EELS system, but with greater difficulty using serial EELS, because of drift associated with the slower collection rates. Experiments on Zr-2.5Nb alloys showed that the hydride phases can also be distinguished using EELS, facilitating the analysis of hydride precipitates and blisters in nuclear reactor pressure tubes. 
A major application of the electron energy loss spectroscopy (EELS) technique is to analyze for elements of low atomic number that are not detectable by conventional thick-window energy dispersive X-ray spectrometers. Analysis is most commonly performed using the characteristic edges caused by inner-shell ionizations. However, the low-loss peaks that are generated by plasmons (collective oscillations of the valence electrons) have been shown to be useful for quantitative microanalysis in Al alloys [1] and for phase identification [2] .
Zaluzec et aL [3, 4] have shown that Zr, Ti and Mg hydrides give rise to plasmon peaks having characteristic energies that are larger than those of the parent metal. The energy shift may be explained in terms of a change in the density and effective mass of the "free" valence electrons associated with hydride formation. Because there are three distinct hydrides in both Zr and Ti, a study was initiated to investigate the possibility of identifying the various hydride species using plasmon EEL spectra. Resolvable shifts in plasmon loss energies of z-and 6-hydrides relative to the parent metal (Ti and Zr) were observed, and used for "fingerprinting" the phases [5, 6] . These results also showed that the Zr and Ti hydride plasmon energies reported in references [3] and [4] [7] . They were observed in Zircaloy-2 (Zr-1.15 at% Sn-0.25 at% Fe-0.18 at% Cr-0.08 at% Ni) pressure tubes in CANDU (Canadian Deuterium Uranium) nuclear reactors that had been in contact with its calandria tubes [8] .
Zr hydride can form in one of three crystal structures, depending on hydrogen concentration and cooling rate from solution temperature [9] [10] [11] [12] [13] [14] [15] . At figure 3 are examples of EEL spectra for v-and 6-hydrides in Zr-2.5Nb respectively. Their plasmon energies are indistinguishable from those for Zr-H alloys, despite the alloying addition of Nb.
TEM/AEM examination of the Zr-2.5Nb-65.5 at% H specimen (G169) revealed ",3-Zr"-Iike filaments in a matrix of solid E-hydride (Fig. 4) . These filaments had widths of about 20 nm, and were spaced 0.1 to 0.3 pm apart. Energy dispersive X-ray analysis revealed a Nb concentration of greater than 15 at% in the phase. Attempts to obtain good microdiffraction patterns from them were unsuccessful. Because hydrogen addition was carried out at 1123 K in the (a + /3)-filed while the specimen absorbed an increasing amount of hydrogen during heating, the filaments were thought to be hydrogen-stabilized 3-Zr phase. The matrix contained about 0.7 at% Nb. Electron microdiffusion analyses were consistent with the matrix being fct c-hydride phase, with a = 0.492 nm, and c = 0.456 nm. Tën EEL spectra (e.g. Fig. 5) were collected with the PEELS system, and they were analyzed to give a plasmon loss energy of (19.6 ± 0.1) e V This energy is figure 7 . Because of the complexity of the microstructures of blisters, which contain high dislocation densities and sometimes twins, the EELS fingerprinting technique is clearly superior to electron diffraction for routine analyses. Moreover, EELS has the advantage of being able to probe into very fine grains, N 0.5 03BCm, in Zr-2.5Nb pressure tube, while it would be very difficult to obtain microdiffraction patterns from such small areas.
Conclusions.
This article describes an EELS plasmon fingerprinting technique used in identifying Zr, y-and 8-hydrides and extended to 6-hydride. The plasmon loss energy of E-hydride was found to differ by only about two-tenths of an eV from that of 6-hydride. Experiments revealed that paralell EELS offered better accuracy and reproducibility than serial EELS in detecting such small energy difference. The energy peaks will be useful for fingerprinting phases in solid hydride specimens and in hydride blisters grown on Zr-2.5Nb pressure tube. 
